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(54) Water-resistant adhe^ve based on a vinyl acetate emulsion polymer containing a nonionic 
polyiirethane 

(57) The present invention relates to an aqueous 
emulsion polymer which is useful as a woodwortdng 
adhesive. The polymer is prepared by reacting vinyl 
acetate with an N-methylol containing copolymerizable 
monomer in the presence of polyvinyl alcohol wherein 
at least 85% of the polyvinyl alcohol is hydrdyzed and a 
water-dispersible nonionic polyurethane. The poly- 
urethane is prepared by reacting (i) an organic polyiso- 
cyanate, (ii) water-soluble polyalkyiene glycols 
containing at least 70 weight percent of ethylene glycol 
units, and OiD polyhydric branched alcohols containing 
at least three hydrQ9^ groups per molecule. 
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D scripti n 

[0001] The present invention relates to an aqueous emulsion polymer which is useful as an adhesive. In particular, 
the present invention relates to a polymer prepared by reacting vinyl acetate witti an N-metiiylol containing copolymer- 
izable monomer in the presence of polyvinyl alcohol and a water-dispersible nonionic polyurethane. 
[0002] Adhesive compositions prepared from urea-formaldehyde resins and modified urea-formaldehyde resins have 
been shown to provide good bond strength between wood substrates and to exhibit water-resistance. However, such 
adhesives are unpopular because formaldehyde is released during the bonding operation of tiie wood substrates and 
articles prepared from such wood sut}strates also tend to release formaldehyde which causes healtii and environmental 
concerns. 

[0003] In order to overcome the deleterious effect of fonnaldehyde. various methods have been attempted including, 
for example, a method in which the proportion of melamine to formaldehyde in the modified urea-formaldehyde resin 
was increased, and a metiiod in which a substance capable of catching formaldehyde was added at the time of bond- 
ing. However, insofar as formaldehyde was used as a significant component in the preparation of the adhesive, it has, 
b en impossible to overcome tiioroughly the defects. 

[0004] For these reasons, aqueous emulsions of vinyl acetate polymers and copolymers have replaced urea-formal- 
d hyde resins and modified urea-formaldehyde resins in formulating wood adhesives. While such emulsions have been 
shown to provide bond strengtii. fast setting; colorless glue lines and ease of application, they are poor witii respect to • 
water-resistance. The bonds obtained upon drying of these emulsions, while excellent in their dry state, tend to lose a 
large portion, for instance as much as about 80 percent or more, of their strength upon t>eing wetted witii water. In order 
t improve water resistance of these adhesives tiiey are generally formulated with other resins such as resorcinol-for- 
maldehyde, urea-formaldehyde, melamine-formaldehyde, phenol-formaldehyde resins and trimetiiylol phenol oligomer 
or with fusion aids, such as tetrahydrofurturyl alcohol or ethylene glycol diacetate. These adhesive systems are 
described, for example iri U.S. Patent Nos. 3.301 .809; 3.563.851 ; 3.433,701 ; 3,041 ,301 : 4,474.915: and 4.687.809. 
[0005] Three recent patients which describe the use of aqueous emulsions of vinyl acetate polymers and copolymers 
as woodworking adhesives are U.S. Patent Nos. 5.434,216 5,391,608 and 5.439.960. U.S. Patent No. 5,434,216 
describes a woodworking adhesive containing a polyvinyl alcohol stabilized vinyl acetate/N-methylol acrylamide con- 
taining emulsion polymer. The polymer is polymerized in a protective colloidal system which contains 1 .5 to 2.5% by 
weight of 88% hydrolyzed polyvinyl alcohol and 1 to 4% by weight of 95 to 99.5% hydrolyzed polyvinyl alcohol. 
[0006] U.S. Patent Nos, 5,391 .608 and 5,439,960 describes a woodworking adhesive composition prepared by a two 
stage emulsion polymerization procedur& In the first stage, vinyl acetate is isolymerized with a post crosslinking mon- 
omer such as N-m^ylol acrylamide in tiieV^ence of vinyl alcohol to produce a copolymer. A second nonomeric sys- 
tem containing methyl methacrylate monomer is added to the copolymer and polymerized. 

[0007] The above described formulated and nonformulated vinyl acetate polymer and copolymer/polyvinyl alcohol 
aqueous emulsion leased adhesives may provide adequate water resistance for wood substrates tested at room tem- 
perature and under vacuum-pressure soaks, however, none of the current vinyl acetate polymer and copolymer based 
adhesives meet CSA (Canadian Standards Association) 01 12.8-M1977 Type II cold soak test standards for non-struc- 
tural glued wood products such as exterior moldings, window and door stock and glued wood panels where the product 
is submerged in water at 21 to 24'>C for 48 hours and witiiout drying tested tor failura 

[0008] Accordingly it is an object of tiie invention to provide an adhesive which ext^its improved boncfing properties 
and water resistance. 

[0009] It is also an object of tiie invention to provide an adhesive which is effective for borriing cellulosic materials 
such as non-structural glued wood products. 

[0010] It is another object of the invention to provide an adhesive which has increased resistance to freezing and 
thawing. 

[001 1 ] It is a further object of the invention to provide an adhesive which passes CSA Oil 2.8-M1 977 Type 1 1 cold soak 
test standards for non-structural glued wood products where tiie product is submerged in water at 21 to 24'>C for 48 
hours. . 

[0012] With regard to the foregoing and other objects, the invention provides a water-resistant adhesive composition 
comprising an aqueous emulsion polymer. The aqueous emulsion polymer is prepared by reacting 

(A) from about 80 to 99 weight percent, based on the total weight of monomer, of vinyl acetate; and 

(B) from about 1 to atxsut 10 weight percent, based on the total weight of monomer, of an N-methylol containing 
copolymerizable monomer, wherein the polymerization is conducted in the presence of 

(C) at least 2 weight percent, based on the total weight of the aqueous emulsion, of polyvinyl alcohol wherein at 
least 85% of the polyvinyl alcohol is hydrolyzed; and 

(D) from about 0.1 to about 8.0 parts per hundred monomer (pphm) in the emulsion of a water-dispersible nonionic 
polyuretiiane which is prepared by reacting (i) an organic polyisocyanate, (ii) water-soluble polyalkytene glycols 
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containing at least 70 weight percent of ethylene glycol units and having an average molecular weight of from about 
500 to about 100.000. and (iii) polyhydric branched alcohols containing at least three hydroxy! groups per molecule, 
wherein the equivalent ratio of (ii) to (iii) is in the range of 1 :0.01 to 1 : 10, 

5 [001 3] According to another aspect of the invention, the aqueous emulsion polymer is prepared by reacting vinyl ace- 
tate and the N-methylol containing copolymerizable monomer with an ethylenicaily unsaturated monomer (B*) in an 
amount of from about 0.1 to about 10 weight percent based on the total weight of nranomer. The ethylenicaily unsatu- 
rated monomer is selected from the group consisting of vinyl esters, ethylene, alkyi esters of acrylic and methacrylic 
acid, substituted or unsubstituted mono and dalkyi esters of alpha, beta-unsaturated dicart>oxyIic acids, and alpha, 

10 beta-unsaturated cartxixylic adds, provided that the ethylenicaily unsaturated monomer is not methylmethacrylate. 
[P014] An adcfitional aspect of the invention comprises a method of making a water-resistant adhesive for placement 
between layers of cellulosic material, said method comprising (I) mixing an acidic metal salt curing agent with the aque- 
ous emulsion polymer to Ibmrt an adhesive; (I!) applying the adhesive to a cellulosic material; and (111) allowing the adhe- 
sive to air cure or using radio frequency to cure the adhesive. 

IS [001 5] "The adhesive compositions of the invention can be used in many different applications but are especially useful 
as woodworking adhesives due to their improved water resistance and bond strength as compared to known adhesives. 
The adhesives of the invention pass CSA 011 2.8-M1 977 Type II cold soak test standards for non-structural glued wood 
products where the product is submerged in water at 21 to 24<>C for 48 hours and without drying tested for failure. Nota- 
bly, the adhesives of the inverition hold the wood together without swelling. 

20 [0016] This invention provides an improved water-resistant adhesive. The water-resistant adhesive comprises an 
aqueous emulsion polymer which is prepared by reacting 

(A) from about 80 to 99 weight percent, based on the total weight of monomer, of viriyl acetate; 

(B) from about 1 to about 10 weight percent, based on the total weight of monomer, of an N-methylol containing 
25 copolymerizable monomer; and (B*) from 0 to about 10 weight percent, based on the total weight of monomer, of 

an ethylenicaily unsaturated monomer selected from vinyl esters, ethylene, alkyl esters of acryGc and methacrylic 
acid, substituted or unsUbstituted mono and dialkyi esters of alpha, beta-unsaturated dicartx>xylic acids, and alpha, 
beta-unsaturated carboxylic adds. The polymerization is conducted in the presence of 

(C) at least 2 weight percent, based on the total weight of the aqueous emulsion, of polyvinyl alcohol wherein at 
30 least 85% of the polyvinyl alcohol is hydrolyzed. and 

(D) from about 0.1 to about 8.0 parts per hundred monomer (pphm) in the emulsion of a water-dispersible nonionic 
pdyurethane. . . 

[001 7] Component (A) of tiie aqueous emulsion is vinyl acetate which has the fomiula CH3C02CH=sCH2. The vinyl 
3S acetate is present In the emulsion in an amount of from about 80 to atjout 99 weight percait, preferably from about 90 
to about 95 weight percent, based on the total weight of monomers in the emulsion. 

[0018] Component (B) of the aqueous emulsion is an N-methylol containing copolymerizable nronomer which is capa- 
ble of copolymerizing with vinyl acetate. Suitable N-methylol containing copolymerizable monomers include N-methylol 
acrylamide. Methanol acrylamide. NiDropanol acrylamide, N-methylol meth-acrylamkje. N-ethanol methacrylamide. N- 

40 propanol acrylamide, N-methylol maleamic acid, N-methylol maieamic acid esters, N-methylpl-p-vinyl-benzamide. N- 
(alkoxymethyl) acrylates and methacrylates, N-{rnethoxymethyl) acrylamide, N-(butoxymethyl) acrylamide, N-(meth- 
oxymetfiyO meth-acrylamide, N-(butQxymethyl) allyl carbamate and N-(methoxymethyO meth-acrylamide, N-^butoxyme- 
thyl) allyl carbamate and N-(methoxymetiiyO allyl carfc>amate. Other mono-olefinically unsaturated conpounds 
containing a N-metiiyiol group and capable of copolymerizing with vinyl acetate may be used. - 

45 [001 9] Preferably, the N-methyld containing copolymerizable monomer has the formula 

R O H 

III 
HjC^C-C-N (CHjJn OH 

so 

wherein R is hydrogen or an alkyl group having 1 to 8 cartx)n atoms and n is a number from 1 to 8. More preferably, the 
N-methylol containing copolymerizable monomer is N-methylol acrylamide. N-methylol acrylamide is commercially 
available in the form of an aqueous solution from Proctor Chemical. Combinations of N-methylol containing copolymer- 
55 izable monomers may be used in the emulsions. In addition, mixtures of the N-methylol containinjg copolymerizable 
monomers with allyl cart^mate, acrylamide or metiiacrylamide may also be used in the emulsions. 
[0020] The N-methylol containing copolymerizable monomer is present in the aqueous emulsion in an amount of from 
about 1 to about 1 0 weight percent, preferably from about 3 to about 6 weight percent based on the total weight of mon- 
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omer in the emulsion. 

[0021] Optionally, component (B*) which is an ethylenically unsaturated monomer is included in the aqueous emul- 
sion. The ethylenically unsaturated monomer is selected from vinyl esters which exclude the N-methylol containing 
copolymertzable monomers of component (B), ethylene, alkyi esters of acrylic and methaaylic acid, substituted or 

5 unsut^stituted mono and dialkyi esters of alpha beta-unsaturated dicarboxylic acids, and alpha, beta-unsaturated car- 
boxylic acids. SutaWe vinyl esters include vinyl esters of carboxylic adds such as the vinyl ester of neo-nonanoic, neo- 
decanoic, neo-pentanoic and 2-ethylhexanoic acids. Such vinyl esters are commercially available under the trademarks 
LICAN from Huls. VEOVAfrom Shell Chemical, and VYNATE from Union Carbide Plastics and Chemical Company Inc. 
[0022] Additional vinyl esters are vinyl formate, vinyl propionate, vinyl butyrate, vinyl isobutyrate, vinyl valerate, vinyl 

10 2-ethyl-hexanoate, vinyl isooctanoate, vinyl nonoate. vinyl decanoate, vinyl pivalate. vinyl versatate, etc. Suitable alkyI 
esters of acrylic and methacrylic add include methyl acrylale. ethyl acrylate, ethyl methacrylate, butyl acrytate, etc. 
Suitable substituted or unsubstituted mono and dialkyi esters of alpha, beta-unsaturated dicarboxylic acids include sub- 
stituted artd unsubstituted mono and cfibiityl, mono and diethyl maieate esters as well as the corresponding fumarates. 
Suitable alpha, beta-unsaturated carboxylic adds include crotonic acid, acrylic acid, metacrylic acid, fumaric add, 

IS maleic acid, itaconic acid, citraconic acid, etc. The prefered ethylenically unsaturated monomer is butyl acrytate. 

[0023] The choice of ethylenically unsaturated monomer depends on the desired performance p operties of the pol- 
ymer product and the compatibility of the ethylenically unsaturated monomer with vinyl acetate in the emidsion. Ethyl- 
enically unsaturated monomers having a copolymerization reactivity ratio that is much different than that of vinyl acetate • 
are not suitable. For example, methylmethacrylate and styrene are not suitable ethylenically unsaturated monomers for 

20 use In the adhesive compositions of the present invention. 

[0024] When the ethylenically unsaturated monomer is present in the emulsion, the ethylenically unsaturated mono- 
mer is present in an amourit of from about 0.1 to about 10 weight percent, preferably from about 3 to about 6 weight 
percent, based on the total weight of monomers in the emulsion. The inventors have determined that greater than 10 
weight percent of the ethylenically unsaturated monomer in the emulsion results in an adhesive that displays the unde- 

25 sirable characteristic of blacking and a decrease in shear values. 

[0025] The emulsion polymerization is carried out in the presence of at least 2 weight percent, based on the total 
weight of the aqueous emulsion, of polyvinyl alcohol, component (C). wherein at least 85%. preferably 88%. of the pol- 
yvinyl alcohol is hydrolyzed. The molecular weight of the polyvinyl alcohol has not been found to be critical to the inven- 
tion and low, medium, or high viscosity grades may be added depending upon the d^ired viscosity of the polymer. The 

30 polyvinyl alcohol may be added, in its entirety, to an initial charge which is added to the emulsion polymerization reactor 
or a portion of the polyvinyl alcohol, for example, from about 25 to about 90 weight percent thereof, can be added con^ 
tinuously or intermittently during the emulsion polymerizatk>n. Polyvinyl alcohols are commerdaliy available under the 
trademarks COVOL, ELVANOU GELVATOL. GOHSENOL. DENKA POVAL. WAGKER, and VINGL from their respective 
companies. 

35 [0026] In addition to the polyvinyl alcohol, the emulsion polymerization is carried out in the presence of a water<iis- 
persible or water-soluble nonionic polyurethane, component (D). The water-dispersible nonionic polyurethane is pre- 
pared by reacting (i) an organic polyisocyanate, (il) water-soluble polyalkylene glycols containing at least 70 weight 
percent of ethylene glycol units, and (iii) polyhydric branched alcohols containing at least three hydroxyl groups per mol- 
ecule. The equivalent ratio of (ii) to (iii) is in the range of 1 :0.01 to 1 :1 0. 

40 [0027] The term **nonionic" means that the polyurethane contains no ionic groups as emulsi^ng groups, i.e., no car- 
boxytate, sulfbnate, phosphonate or ammonium groups. The dispersibility of the polyurethane is due to the presence of 
the water-soluble polyalkylene glycols, which contain at least 70 weight percent of ethylene glycol units, relative to poly- 
alkylene glycols, and preferably at least 80 vyeight percent of ethylene glycol units. 

[0028] Ethylene glycol units con-espond to the formula -[CH2-GH2-0]n. wherein n indk;ates the degree of oligomerl- 
45 zation. 

[0029] The suitable water-soluble polyalkylene glycols are polyethylene glycols that are prepared by the polyadditfon 
of ethylene oxide to water or to ethylene glycol as the starting molecule, but also polyaddition products of ethylene oxide 
to other low molecular weight diols, such as butanediol, hexanecfiol, or 4,4'-dihydroxy-diphenylpropane. A plurality of 
water-soluble polyethylene glycols having different average molecular weights may also be used. Copolymers of ethyl- 
50 ene oxide and propylene oxide may also be used provided that the content of ethylene glycol units is at least 70 weight 
percent relative to tiie copolymer. Preferably, the water-soluble polyethylene glycols have an average molecular weight 
of 500 to 1000,000 and most preferat)ly 1 ,000 to 20.000. 

[0030] The branched alcohols containing at least three hydroxyl groups per molecule are preferably selected from tri- 
methyldpropane, pentaerythritol, glycerol, ditrimethylolpropane, dipentaerythritol, and alkoxyiates thereof. The suitable 
55 alkoxyiates include, for exanrple. trimethylolpropane containing 5 to 10 moles of propylene <»(ide. Preferably the 
branched alcohol is trimethylolpropane. 

[0031] The equivalent ratio of the water-soluble polyalkylene glycols, component (ii), to the branched alcohols con- 
taining at least three hydroxyl groups, component (iii) affects the viscosity of the polymer product The higher the per- 
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centage of branched alcohol containing at least three hydrcxyl groups in relation to the water-soluble polyalkylene 
glycol, the higher the viscosity of the polymer product. The equivalent ratio of water-soluble polyalkylene glycols to the 
branched alcohols containing at least three hydroxyl groups is preferably in the range of 0.1 to 5. more preferably. 0.1 
to3. 

5 [0032] The polyisocyanates are diisocyanates and the products obtained by tiie trimerization of some of tiie isocy- 
anate groups. Suitable diisocyanates include 1 .5-naphthaIene diisocyanate, 4.4*-diphenylmetiiane diisocyanate (MDI). 
hydrogenated MDI (HI 2 MDI) xyiylene diisocyanate. diisocyanate (XDI), tetramethylxylylene diisocyanate (TMXDO, 
4.4'-diphenyldimethyt-methane diisocyanate. di- and tetraalkyldiphenyl-metiiane diisocyanates. 4,4'-d!benzyl diisocy- 
anate. 1 ,3-phenylene diisocyanate. 1 ,4-phenyl diisocyanate, tiie isomers of toluylene diisocyanate (TDI). 1 -metiiyl-2. 4- 
10 dilsoc'yanatocyclohexane. 1 .6-diisocyanato-2,2,4-trimethylhexane. 1 -isocyanatomettiyl-3-isocyanato1 .5,5-trimettTyl- 
cyclohexane (IPDI). chlorinated and brominated diisocyanates. phosphorus-containing diisocyanates. 4.4'-diisocyanat- 
ophenyl-perfluoroethane. tetramethoxybutane-1 . 4<liisocyanate. butane-l.4-diiso-cyanate. .hexane-l.6-diisocyanate 
(HDI). dicydohexylmethane diisocyanate, cyclohexane-1 .4-diisocyanate. ettiylene diisocyanate, phthalic acid-bis-lso- 
cyanatoethyl ester, diisocyanates containing reactive halogen atOTs, such as l-chloromethy^henyl-2.4-diisocyanate, 
1-bromometiiylphenyl-2,6-diiso-cyanate, and 3.3-bis-chlorometiiyt etiier 4.4*-diphenyi diisocyanate. trimetiiylhexametti- 
ylene diisocyanate. 1 ,4-diisocyanatobutane, 1 .12-diisocyanato-dodecane, dimeric fatty add diisocyanate, 
[0033] Prefened polyisocyanates are tetramettiylene diisocyanate, hexametiiylene diisocyanate, undecane diisocy- 
anat . dodecanecnetfiylene diisocyanate. 2.2,4-trimethylhexane diisocyanate. 1.3- and 1 ,4-cydohexane diisocyanate, 
1,3- and 1.4-tetramettiylxylene diisocyanate. isophorone diisocyanate. 4.4^icydohexylmetiiane diisocyanate, and 
lyJsine ester diisocyanates. Most preferably ttie polyisocyanate is tetramettTylxylene dnsocyanate which is available from 

Cyanamide. , , ^ 

[0034] The equivalent ratio of OH to NCO groups, wherein "OH" is defined as the sum of the polyalkylene glycols and 
branched alcohols containing at least ttiree hydroxyl groups, i.e., (ii) + (iii). may vary witiiin broad ranges. Preferably, ttie 
equivalent ratio of OH:NCO is 1 :0.99 to 1 :0.5. most preferably 1 :0.85 to-1 :0.6. 
25 [0035] The water-disperable nonionic polyuretiiane is prepared either in a one-step process or in a two-step process. 
In a two-step process, a pr^lymer is prepared by prereacting part of the water-soluble polyalkylene glycols with ttie 
polyisocyanate. ttien adding ttie pdyhydric branched alcohols. The polyurettianes range from w^x-like to solid at room 
temperature and are miscible with water. 

[0036] Preferably, ttie water-dispersible nonionic poiyurethane is prepared by mixing tiie polyisocyanates, poly- 
30 aikylene glycols, and polyhydric branched alcohols in tiie presence of an organic solvent at a water content of less tiian 
0.5 weight percent. The mixture is healed at 70 to 200°C, preferably 80 to 170*»C for 1 to 30 hours. The reaction time 
can be reduced by ttie presence of catalysts which preferably is selected from triethylamine, dimethylbenzylamine. bis- 
dimetiiylaminoettiyl etiier. bis-mettiylaminomettiyl phenol, l-methylimidazole, 2-mettiyl-1 -vinylimidazble. 1 -allylimida- 
zole. 1-phenylimidazole, 4-cfimetiiyl-aminopyridine. 4-pyrrolidinopyridine. 4-morpholinopyridine. and 4-methylpyndine. 
35 However, ttie process is preferably canied out wittioul a catalyst The organic solvent is preferably omitted in tiie proc- 
ess for preparing the water-dispersible nonionic polyurethanes, 

[0037] The water-dispersible nonionic poiyurethane is present in the emulsion in ap amount of from about 0.1 to about 
8.0 pphin. preferably from about 1 to about 5 pphm, and most preferably from about 2 to about 4 pphm. The water-dis- 
persible nonionic polyurettianes are commerdally available as 40% aqueous solutions under ttie trademark DISPONIL 

40 PC 14-17 EXP from HenkelKQaA Coatings & Polymers. 

[0038] While not wishing to be bound by any tiieory or mechanism, ttie inventors believe ttiat ttie polyvinyl alcohol and 
ttie pdyurettiane in ttie aqueous emulsion of ttie invention stabilizes ttie polymer dispersion during and after polymeri- 
zation of ttie monomers. The stabilization results from ttie adsorption of ttie polyvinyl alcohol arid polyuretiiane on ttie 
surface of the polymer particles which leads to steric hinderance and prevents the polymer particles from coagulating. 

45 [0039] The emulsion polymerization is canied out using conventional emulsion polymerization procedures at a pH of 
between 2 and 7. preferably at a pH of between 3 and 5, In order to maintain ttie pH range, it may be useful to work in 
ttie presence of customary buffer systems, for example, in the presence of alkali metal acetates, alkali metal carbon-, 
ates. alkali metal phosphates. Polymerization regulators, like mercaptans. aldehydes, chloroform, etiiylene chloride and 
trichloroettiylene. can also be added in some cases. Conventional batch, semi-batch or continuous emulsion polymer- 

50 ization procedures may be utilized. 

[0040] Although tfie solids content and viscosity of tiie emulsion can vary typical total sofids content which is defined 
. as ttie nonvolatile components of tiie emulsion is in ttie range of from about 40 to about 65 weight percent, based on 
the total weight of the emulsion. 

[0041] The emulsion polymerization reaction is generally continued until the residual vinyl acetate monomer content 
55 is below about 1%. The completed reaction product is ttien allowed to cool to at)out room temperature in a finishing ves- 
sel. I. ^ • 
[0042] The adhesive compositions of ttie invention may be fbnmulated witii such additives as are commonly used in 
ttie production of adhesives. Such additives indude formaldehyde resins such as resordnol formaldehyde, urea fbrmal- 
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dehyde. melamine formaldehyde, and phenol formaldehyde. Additionally, A- or B- stage phenolic resins, such as tri- 
methylol phenol oligomer which is prepared by any conventional phenoialdehyde condensation reaction, may be added. 
Such additives may be added in an amount of from about 1 to about 20 weight percent, preferably 3 to 10 weight per- 
cent, based on the total weight of the emulsion. The adhesives may also be formulated with from about 1 to about 7 
weight percent based on the total nonvolatile weight of the emulsion, of a fusion aid such as tetrahydrofurfuryl alcohol 
ethylene glycol diacetate. and ethylene glycol monoethyl ether acetate as taught In US. Patent No. 4.474.915. the dis- 
closure of which is incorporated by reference. 

[0043] The addition of an acidic, metal salt curing agent may also be desired in order to accelerate the cure of the 
formulated adhesive. The prefen-ed curing agents for use herein include acidic, metal salts selected from chromic 
nitrate, chromic perchlorate, aluminum nitrate, aluminum chloride, and para-toluene sulfonic acid. It is noted that the 
inventors determined that zinc nitrate which is a commonly used acidic, metal salt curing agent In adhesives does not 
allow the adhesive compositfon of the present invention to meet CSA 0112.8-M1977 Type II cold soak test standards 
for non-structural glued wood products where the product is submerged In water at 21 to 24''C for 48 hours and without 
drying tested for failure. 

[0044] The proportion of acidic, metal salt curing agent which is added will depend on the rate of cure which is desired 
in the final product but a practical range has been found to be from about 0.003 to about 0. 12 gram equivalents of curing 
agent (anhydrous basis) for each 100 grams of the polymer Preferably, the acidic, metal salt curing agent is aluminum . 
chloride. / . 

[0045] If fusfon aids are used In the adhesive composition, it may also be desirable to add crosslinking inhibitors to 
improve the storage stability of the iadhesives. Crosslinking inhibitors are described in U.S. Patent No. 4.085,074. the 
disctosure of which is incorporated by reference. Typical inhibitors include ammonia, alkyi amines such as triethyl 
amine, and alkytol amines such as triethanpl amine and N-methylethanol amine. When used, such inhibitors are gen- 
erally added in an amount such that the mole ratio of the inhibitor to curing agent ranges from about 0.1 to about 1.7. 
[0046] The adhesive compositions of the present invention may additionally contain other additives which include pig- 
nts such as titanium oxide, extenders such as flour, i.e.. walnut shell flour, dispersing agents, defoaming agents, anti- 
freezing agents, preservatives, surfactants, sequestering agents, coalescing agents, defoaming agents, humectants 
thickeners, defoamers. colorants, waxes. bacterickJes, fungicides, and ffllers such as cellulose or glass fibers, clay, kao^ 
lin, talc, calcium carbonate and wood meal, and odor-modifying agents. 

[0047] In preparing the adhesive compositions of this invention, the aqueous polymer is mixed with the additive{s) 
The additive (s) may be added during the polymerization, after the polymerization and prior to the addition of the curing 
agent, or with the addition of the curing agerrt 

[0048] The adhesive compositions may be applied to a wide variety of materials such as. for example, wood, cement, 
concrete, nonwoven or woven fabrics, aluminum or other metals, glass, ceramics, glazed or unglazed, tiles, polyvinyl 
chloride and polyethylene terephthalate and other plastics, plaster, stucco, roofing substrates such as asphaltic coat- 
ings, roofing felts, synthetk; polymer membranes, and foamed polyurethane insulation. In addition, the adhesive com- 
positions may be applied to previously painted, primed, undercoated. wom, or weathered substrates. 
[0049] The adhesive compositions may be applied by techniques well known in the art such as by brush, roller air- 
assisted spray, airless spray, direct roUcoater, curtain coater, bar coater, and the like. 
[0050] The following nonlimiting ©camples illustrate further aspects of the invention. 

EXAMPLE I 

[0051] A vinyl acetate homopolymer resin was prepared which had the following formula: 
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INGREDIENTS 


GRAMS 


CONCENTRATION (pphm) 


Initial Charge 


Water 


382.03 


53.45 




88% Hydrolyzed PVOH Blend 


22.16 


3.10 




Defoamer 


2.57 


0.36 










Monomer Mix 


Water 


215.21 


30.11 




88% hydrolyzed PVOH 


0.71 


0.10 




N-methylol Acrylamide {48%.solids) 


44.76 


6.26 (3.00 pphm of 1 00% active) 
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(continued) 





INGREDIENTS 








Vinyl Acetate Monomer 


714.73 


100.00 










Catalyst Solution 


Water 


17.80 


2.49 




28% NH4OH 


0.71 


0.10 




Ammoniunn Persulphate 


0.93 


0.13 










TOTAL 


1401.61 





15 [0052] In a 2-litre vessel, equipped with a reflux condenser, addition funnels, and a variable stirrer, the Initial Charge 
was added to the reactor, with an agitation at 260 rpm. The Initial Charge in the reactor was heated to 73^C. When the 
t mperature of the Inittai Charge reached 55 to 60°C, 50% of Catalyst Solution and 8% of Monomer Mix were combined 
with the Initial Charge to form a mixture. When the temperature of the mixture reached TS'^C, the remaining Monomer 
Mix was added to the reactor at a rate such that the temperature of the mixture in the reactor was maintained at 73°C. 

20 At the end of the Monomer Mix. the remaining 50% of Catalyst Solution was added arnj the temperature was increased . 
to 85 to 90^C. The temperature was maintained for 30 minutes. 

[0053] Agitation was continued and the mixture was cooled and a solution of 2.0 grams of tertiary butyl hydro-peroxide 
in 25.0 grams of water and 1.4 grams of sodium formaldehyde sulphoxylate was added. The resulting emulsion poly- 
mer. Polymer i, was determined to have negligible coagulum. 49 to 51% solids. pH of 4.6 to 5.0 and a viscosity of 4500 
25 to 6000 ops. The test results for the cold soak test are summarized in Table I. 

EXAMPLE II 

[0054] A vinyl acetate - butyl acrytate copolymer latex was prepared using a blend of 88% and 98% hydrolyzed poly- 
30 vinyl alcohols, and a non-ionic surfactant. Rexd 25/10 (avaflable from Huntsman). The fbnnula and procedure were as 
fbllcws: 
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Ingredients 


Grams/Conc. (pphm) 




Initial Charae 


Water . 


596.42/83-45 






88% & 98% Hydrolyzed PVOH Blend 


25.74/3.60 


40 




befoamer 


2.55/0.36 




Rexol 25/10 


3.58/ 0.50 




Monomer Mix 


Vinyl Acetate Monomer 


678.99/95.00 






Butyl Acrylate 


35.74/ 5.00 


45 




N-filethylol Acrylamide (48% solids) 


44.76/ 6.26 






(3.00 pphm of 100% Active) 






Catalvst Solution 


Water 


11.86/1.66 


SO 




28%NH40H 


0.53/0.07 . 






Ammonium Persulphate 


1.44/ 0.20 




Total 




1401.61 grams 



55 [00551 In a 2-litre vessel, equipped with a reflux condenser, addition funnels, and a variable stirrer, the Initial Charge 
was added to the reactor, with an agitation at 260 rpm. The Initial Charge in the reactor was heated to 75**C. When the 
temperature of the Initial Charge reached 70°C. 50% of Catalyst Solution was added to the reactor. When the tennper- 
ature reached73*C, 8%of Monomer Mix was progressively added over one hour to the reactor to form a mixture. When 
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the temperature of the mixture reached 75*^0, the remaining Monomer Mix was added to the reactor over a period of 
two hours at a rate such that the temperature of the mixture in the reactor was maintained at 75*'C with the assistance 
of an external heating source. At the end of the Monomer Mix, the remaining 50% of Catalyst Solution was added and 
the temperature was inaeased to SC'C. The temperature was maintained for 30 minutes. 
5 [0056] Agitation was continued and the mixture was cooled and a solution of 2.0 grams of tertiary butyl hydro-peroxide 
in 25.0 grams of water and 1.4 grams of sodium formaldehyde suiphoxylate was added. The resulting emulsion poly- 
mer, Polymer II. was determined to have negligible coagulum, 50.8% solids, pH of 4.37 and a viscosity of 4320 cps. The 
test results for the cold soak test are summarized in Table I. 

10 EXAMPLE III 

[0057] A vinyl acetate - butyl acrylate copolymer latex was prepared according to the formula and procedure as 
described in Example II except that the non-ionic surfactant, Rexol 25/10 was not added. The resulting emulsion poly- 
mer, Polymer III. was determined to have negligible coagulum. 50.3% sofids. pH of 4.9 and a viscosity of 6460 cps. The 
15 test results for the cold soak test are summarized in Table I. 

EXAMPLE IV 

[0058] A vinyl acetate - butyl acrylate copolymer latex was prepared according to the formula and procedure as 
20 described in Example li except that the non-ionic surfactant, Rexol 25/10 was not added, the PVOH blend was reduced 
to 2.80 pphm. and 1.75 pphm (0.70 pphm 100% active) of DISPONIL PC 14-17 EXP. a 40% aqueous solution of a high 
molecular weight water-dispersible honionic polyurethane was added to the reactor. The resulting emulsion polymer, 
Polymer IV. was determined to be unf ilterable due to precipitate. Thus, no characterization and testing was performed. 

25 EXAMPLE V 

[0059] A vinyl acetate - butyl acrylate copolymer latex was prepared according to the formula and procedure as 
described in Example it except tiiat the PVOH fc»lend was reduced to 2.80 pphm. and 1.75 pphm (0.70 pphm 100% 
active) of DISPONIL PC 14-17 EXP. a 40% aqueous solution of a high molecular weight water-dispersible nonionic 
30 polyurethane was added to the reactor. The resulting emulsion polymer, Polymer V. was determined to have negative 
coagulum, 50.02% solids. pH of 4. 1 and a viscosity of 1 700 cps. The test results for the cold soak test are summarized 
in Table I. 

EXAMPLE VI 

35 

[0060] A vinyf acetate - butyl aayiate copolymer latex was prepared according to the formula and procedure as 
described in Example 11 except tiiat only 88% hydrolyzed polyvinyl alcohol was used, and 1 .75 pphm (0.70 pphm 100% 
active) of DISPONIL PC 14-17 EXP, a 40% aqueous solution of a high molecular weight water-dispersible nonionic 
polyurethane was added to the reactor. The resulting emulsion polymer, Polymer VI, was determined to have negative 
40 coagulum, 49.8% solids, pH of 4.44 and a viscosity of 4590 cps. The test results for the cold soak test are summarized 
in Table I. 

EXAMPLE VII 

45 [0061 ] A vinyl acetate polymer latex was prepared according to tfie fbrnruila and procedure as described in Example 
II exc pt that no butyl acrylate was used, the PVOH blend was decreased to 3.00 pphm and 1.75 pphm (0.70 pphm 
100% active) of DISPONIL PC 14-17 EXP, a 40% aqueous solution of a high molecular weight water-dispersible noni- 
onic polyurethane was added to tiie reactor. The resulting emulsion polymer. Polymer VII, was determined to have neg- 
ativ coagulum, 50.59% solids, pH of 4115 and a viscosity of 4380 cps. The test results for tiie cdd soak test are 

so summarized in Table 1. 

EXAMPLE VIM 

[0082] A vinyl acetate - butyl acrylate copolymer latex was prepared according to the formula and procedure as 
55 described in Example II except that the PVOH blend was decreased to 3.00 pphm. and 2.28 pphm (0,91 pphm 100% 
active) of DISPONIL PC 14-17 EXP, a 40% aqueous solution of a high molecular weight water-dispersible nonionic 
polyurethane was added to the reactor. The resulting emulsion polymer. Polymer VIII, was determined to have negative 
coagulum. 50.4% solids, pH of 4.33 and a viscosity of 7480 cps. The test results for the cold soak test are summarized 
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in Table I. 
EXAMPLE IX 

5 [0063] A vinyl acetate - butyt acrylate copolymer latex was prepared according to the formula and procedure as 
described in Example II exc^t that only 88% hydrolyzed polyvinyl alcohols were used, the PVOH blend was decreased 
to 3.10 pphm. the N-methylol acrylamide was removed and replaced with water, and 1.75 pphm (0.70 pphm 100% 
active) of DISPONIL PC 14-17 EXP. a 40% aqueous solution of a high molecular weight water-dispersibie nonionic 
polyurethane was added to the reactor. The resulting emulsion polymer. Polymer IX. was detemfiined to be unfilterable 

10 due to precipitate. Thus, no characterization and testing was performed. 

EXAMPLE X 

[0064] Woodworking adhesives were formulated from emulsion Polymers l-IX. The woodworking adhesives were pre- 
15 pared by mixing 96% of the emulsion polymers with 4% of an aluminum chloride solution as a curing agent A defoamer 
in an amount of 0.1% was also added. The ingredients were mixed to form a smooth dispersion. 
[0065] The performance of each of the adhesives was evaluated using CSA 01 1 2.8 cold soak test method. In this test, 
3-ply plywood constructions using 1/16* thick yellow Wrch veneer as wood species were laminated after applying the 
adhesive between successive layers of the plywood by means of a wire wound rod at 8 wet mils thickness. The plywood 
20 constructions were pressed together using a cold press at 100 psi for two hours. After a 7-day cure at room tenpera- 
ture. the plywood constructions were submerged in water at 21 to 24«C for 48 hours. Without drying, the plywood con- 
structions were evaluated according to CSA 01 12.0-M1977 plywood shear test. The test results are summarized in 
Table L 



TABLE I 





















Cold So 


akTest 


30 


Ex. # 


Trials 


PVOH 


Poly- 
urethane 


N-Methylol 
Ac Am 


VAM 


B.A. 


Rexol 25/10 


Shear 
Strength 
PSI 


Wood Tear 
% 




1 


a 


3.1 




3,0 


100 






298 


0 






b 


3.1 




3.0 


100 






251 


0 


35 




c 


3.1 




3,0 


100 






295 


0 






d 


3.1 




3.0 


100 






285 


0 






e 


3.1 




3.0 


100 






240 


0 




II 




3.6 




3.0 


95 


5 


0.5 


376 


4 


40 


111 




3.6 




3.0 


95. 


5 




228 


0 




IV 




2.8 


0.7 


3.0 


95 


5 




Not tested 






V 




2.8 


0.7 


3.0 


95 


5 


0.5 


328 


0 


45 


VI 




3.1 


0.7 


3.0 


95 


5 


0.5 


389 


23 




VII 




3,0 . 


0.7 


3.0 


100 




0.5 


232 


0 




VIII 




3.0 


0.91 


3,0 


95 


5 


0.5 


375 


1 


SO 


IX 




3.1 


0.7 




95 


5 


0.5 . 


Not tested 





[0066] The results in Table I show that the emulsion polymers which were prepared with vinyl acetate/N-methylol acr- 
ylamide copolymer in the presence of polyvinyl alcohol and a water-dispersible nonionic polyurethane achieved shear 
strength values of greater than 300 psi which was the maximum achieved by a vinyl acetate polymer oir copolymer in 
55 the presence of polyvinyl alcohol without the polyurethane. It Is dear that the polyvinyl alcohol alone did not produce 
the results that were achieved by a blend of polyvinyl alcohol and polyurethane. H is noted that the degree of variability 
between the, plywood samples tested is due in part, to differences in the individual wood pieces being yefiow birch 
veneer. ~ . . 
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[0067] In addition, the presence of the water-dispersible nonionic polyurethane resulted In adhesives having improved 
"wood tear" as compared to adhesives prepared using the polymers without the polyurethane. For example. Example 
6 which was a vinyl acetate/N-methylol acrylamide/butyl acrylate copolymer which was prepared with only 88% hydro- 
lyzed polyvinyl alcohol and the water-soluble polyurethane displayed a superior wood tear percent after soaking in 
5 water for 48 hours. The wood tear percent for the adhesive prepared using Polymer VI far exceeded the wood tear per- 
cent for any of the other adhesives. 

[0068] It is therefore unexpected that the polymers of the present invention pass CSA 01 1 2.8-M1 977 Type 11 cold soak 
test standards for non-structural glued wood products where the product is submerged in water at 21 to 24**C for 48 
hours and without drying tested for failure. 
10 [0069] While the invention has been described with particular reference to certain embodiments thereof, it will be 
understood that changes and modifications may be made by those of ordinary skill within the scope and spirit of the 
following claims. . 

Claims 

IS 

1 . A water-resistant adhesive composition comprising an aqueous emulsion polymer which comprises reacting 

(A) from about 80 to 99 weight percent, based on the total weight of monomer, of vinyl acetate; and 

(B) from about 1 to about 1 0 weight percent, based on the total weight of monomer, of an N-methylol contairiing. ; 
20 copolymerizable monomer, wherein the polymerization is conducted in the presence of 

(C) at least 2 weight percent, based on the total weight of the aqueous emulsion, of polyvinyl alcohol wherein 
at least 85% of the polyvinyl alcohol is hydrolyzed; and 

(D) from about 0.1 to about 8.0 parts per hundred monomer (pphm) in the emulsion of a water<lispersible non- 
ionic polyurethane which is prepared by reacting (i) an organic polyisocyanate, (ii) water-soluble polyalkylene 

25 glycols containing at least 70 weight percent of ethylene glycol units and having an average molecular weight 

of from about 500 to about 100.000. and (Hi) polyhydric branched alcohols containing at least three hydroxy! 
groups per molecule, wherein the equivalent ratio of (iO to (110 is in the range of 1 :0.01 to 1 :10, 

2. A water-resistant adhesive composition comprising an aqueous emulsion polymer which comprises reacting 

30 

(A) from about 80 to 99 weight percent, based on the total weight of monomer, of vinyl acetate; (B) from about 
1 to about 10 weight percent, based on the total weight of monomer, of an N-methyloi containing copolymeriz- 
able monomer; and (BO from about 0,1 to about 10 weight percent, based on the total weight of monomer, of 
an ethylenically unsaturated monomer selected from the group consisting of vinyl esters, ethylene, alkyi esters 
of acrylic and methacrylic acid, substituted or unsubstituted mono and diafkyi esters of alpha, beta-unsaturated 
dicarboxylic acids, alpha, beta-unsaturated carboxylic acids, and combinations thereof, provided that the eth- 
ylenically unsaturated monomer Is not methylmethacrylate, wherein the polymerization is conducted in the 
presence of 

(C) at least 2 weight percent, based on the total weight of the aqueous emulsion, of polyvinyl alcohol wherein 
at least 85% of the polyvinyl alcohol is hydrolyzed; and 

(D) from about 0.1 to about 8.0 parts per hundred monomeir (pphm) in the emulsion of a water-dispersible non- 
ionic polyurethane which is prepared by reacting (i) an organic polyisocyanate. (ii) water-sclutrfe polyalMene 
glycols containing at least 70 weight percent of ethylene glycol units and having an average molecular vveight 
of from about 500 to about 100,000, and (iiQ pdyhydric branched alcohols containing at least three hydroxyl 
groups per molecule, wherein the equivalent ratio of (ii) to (iii) is in the range of 1 :0.01 to 1 :10. 

3. The adhesive according to Claim 1 . wherein the N-methylol containing copolymerizable monomer is selected 
fr m the group consisting of N-methylol acrylamide, N-ethanol acrylamide, N-propanol aaylamide, N-methylol 
methacrylamide, N-ethanol methacrylamide, N-propanol acrylamide, N-methylol maleamide, N-methylol maleamic 

so acid. N-methylol-p-vinylbenzarnide, N-(methoxymethyl) acrylamide. N-(butQxymethyl) acrylamide, N-(methoxyme- 
thyl) methacrylamide. N-(butoxymethyi) allyl cart>amate, N-(methoxymethyl) methacrylamide. N-(butoxymethyl) 
allyl cartDamate. N-(methoxymethyl) allyl carbamate, and combinations thereof. 

3. The adhesive according to Claim 1 wherein the polyhydric branched alcohol component of the water-dispersible 
55 nonionic polyurethane is selected from the group consisting of trimethylolpropane. glycerol, pentaerythritol. ditri- 

methylolpropane, dipentaerythritol. and alkoxylates thereof. 

4. The adhesive according to Claim 1 wherein the equivalent ratio of (ii) to (iii) is In the range of 0.1 to 5. 
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5. The adhesive according to Claim 4 wherein the equivalent ratio of (ii) to (iiO is in the range of 0.1 to 3. 

6. The adhesive according to Claim 1 wherein the equivalent ratio of the sum of the OH groups of the polyalkylene 
glycols and the branched polyhydric alcohols to the NCO groups of the polyisocyanates is in the range of 1 :0.99 to 

5 1:0.5. 

7. A cellulosic material comprising a water-resistant adhesive wherein said adhesive is prepared from an aqueous 
emulsion polymer which comprises reacting 

70 (A) from about 80 to 99 weight percent, based on the total w^ght of monomer, of vinyl acetate; and 

(B) from about 1 to atKDut 10 weight percent, based on the total weight of monomer, of an N-meltiylol containing 
copolymerizabie monomer, wherein the polymerization is conducted in the presence of 

(C) at least 2 weight percent, based on the total weight of the aqueous emulsion, of polyvinyl alcohol wherein 
at least 85% of the polyvinyl alcohol is hydrolyzed; and 

IS (D) from about 0.1 to about 8.0 parts per hundred monomer (pphm) in the emulsion of a water-dispersibie non- 

ionic polyuristhane which is prepared by reacting (i) an organic polyisocyanate, (ii) water-soluble polyalkylene 
glycols containing at least 70 weight percent of ethylene glycol units and having an average molecular weight 
of from about 500 to about 100,000. and (iiO polyhydric branched alcohols containing at least three hydroxyl 
groups per molecule, wherein the equivalent ratio of (ii) to (iii) is in the range of 1 :0.01 to 1 :10. 

8. A method of making a water-resistant adhesive for placement between layers of cellulosic material, said method 
comprising 

(I) mixing an acidic metal salt curing agent with an aqueous emulsion polymer which comprises the reaction 
25 product of 

(A) from about 80 to 99 weight percent, based on the total weight of monomer, of vinyl acetate; and 

(B) from about 1 to about 1 0 weight percent, based on the total weight of monomer, of an N-methylol con- 
taining copolymerizabie monomer, wherein the polymerization is conducted in the presence of 

30 (C) at least 2 weight percent based on the total weight of the aqueous emulsion, of polyvinyl alcohol 

wherein at least 85% of the polyvinyl alcohol is hydrolyzed; and 

(D) from about 0.1 to about 8.0 parts per hundred monomer (pphm) in the emulsion of a water-dispersHsle 
nonionic polyurethane which is prepared by reacting (i) an organic polyisocyanate, (ii) Water-soluble poly- 
alkylene glycols containing at least 70 weight percent of ethylene glycol units and having an average 
35 molecular weight of from about 500 to about 100.000, and (iiO polyhydric branched alcohols containing at 

least three hydroxyl groups per molecule, wherein the equivalent ratio of (ii) to fiii) is in the range of 1 :0.01 
to 1:10. to form an adhesive; 

(II) applying the adhesive formed in Step (1) to a cellulosic material; and 

40 (III) allowing the adhesive to air cure or using radio frequency to cure the adhesive. - 
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